It has been demonstrated" 2 in heterothallic strains of Saccharomyces, that crosses between clones derived from haploid ascospores sometimes produce asci which exhibit tetraploid segregation. One explanation for the occurrence of such asci is that they arise from tetraploid ascogenous cells which are in turn the result of fusion of diploid cells present in the parental clones.' This possibility points up the need for information regarding the composition of parental clones of haploid origin, in order to achieve a better understanding of segregations obtained from crosses. As a start in this direction, we have investigated a number of such clones for evidence of diploidy. The results are given below.
,Material.-We are indebted to Dr. C. C. Lindegren for providing us with clones 1 and 21, which are ancestral to the other clones examined for heterogeneity. Clone 1 is a "rapid" galactose fermenter' and exhibits the "flaky" character4 in liquid medium; both of these characters are dominant. Clone 21 is a slow fermenter and is non-flaky. When the two clones were first Teceived, clone 1 was of mating-type a and clone 21 of matingtype a. Crosses between the two strains gave, with rare exceptions, asci Five clones which were derived from haploid ascospores and which had become heterogeneous for cell size were selected in our first attempts to obtain evidence of diploidy. Both large and small cells were isolated with a micromanipulator and placed on agar droplets.6 After 1-2 days growth on the droplets, the colonies (hereafter called secondary clones) were transferred to slants and examined two days later for cell size. (table 2) . All of the small-celled clones exhibited a mating reaction and in each case the mating type was that of the parental clone from which the secondary clone was derived. The large-celled clones, however, were of two types: one gave the expected mating reaction whereas the other failed to mate with either a or a mating-type strains. As a safeguard against the possibility of contamination, all of the secondary clones were tested also with respect to galactose fermentation and the flaky character and all gave results identical with those of the parental clones from which they were isolated.
Aside from the difference in mating reaction, the two types of large-celled clones differed from each other with respect to sporulation and growth habit. Sporulation could be induced (on gypsum slants) in the non-mater clones but not in clones which were capable of mating. Also, the cells of the latter tended to grow in clusters, like those of the small-celled clones. (It should be noted that the clustering tendency is obscured in clones that are flaky.) The non-mater clones consisted for the most part of individual cells or cells with single buds.
An indicatidn of the extent of heterogeneity in parental clones was obtained by the following method. The growth on an entire slant, or a substantial portion of it, was suspended in sterile water and dilutions were plated on nutrient agar. The secondary clones obtained in this way were screened for cell size and mating reaction (table 3). The parental clones which were chosen for examination included four from which isolations had already been made with a micromanipulator and three others, 13, 15, and 30, in which large cells had made their appearance after a period of smallcelled growth. For comparison, secondary clones were obtained also from four young clones, 242A, B, C, and D, which were derived from four haploid ascospores of a single ascus and which were almost exclusively smallcelled at the time the dilutions were made. It will be seen that the younger clones gave only small-celled secondary clones, all of which possessed the expected mating type. The older clones gave varying proportions of largecelled secondary clones, of which the large majority were of the non-mater type. The preponderance of the latter is the reason for the diminished capacity forr zygote production which was referred to earlier as characteristic of clones which have become heterogeneous for cell size.
Genetics Tests of Large-Celled Clones: The Non-maters.-As mentioned earlier, the cells of-clones of this type can be induced to sporulate. Asci were obtained from ten secondary clones of clone 21, two of clone 27, and one of clone 260. Twenty-three asci were dissected and twenty-one of these exhibited a 2:2 segregation for a and a. One of the secondary clones of clone 21 (21-4), from which six asci were dissected, gave two exceptional asci in which all four spores produced clones that were non-maters. This segregation is characteristic of the tetraploid condition and it is possible that diploidization occurred in 214 to produce some cells of composition aaaa.
An alternative explanation is given below. In any case, it is evident that mutation at the mating-type locus has occurred in these strains and has resulted in the production of aa cells, incapable of mating. The occurrence of mutation affecting mating type has been observed also by Ahmad7 in Saccharomyces cerevisiae and by Leupold8 in Schizosaccharomyces Pombe.
The occurrence of aa cells was demonstrated in four other parental clones. Clone 1, which consisted largely of cells that were non-maters (table 3) , and clones 23, 24, and 25, from which isolations had not been made but which were known to contain large cells, were induced to sporulate on gypsum. Twenty-six four-spored asci were dissected and in all but one a 2: 2 segregation for mating type was obtained. In the exceptional ascus, from clone 1, one of the four spores yielded a large-celled clone which was a nonmater. The sporulation of this clone resulted in asci with a 2:2 segrega- cells often accumulate at a rapid rate and in some cases virtually replace the haploid cells. The changeover to the diploid condition is frequently indicated by a reduction in the capacity of the clone to exhibit a mating reaction, owing to the large proportion of aa cells which are commonly present in such clones.
The occurrence of an array of ascogenous types can be avoided also if the cells which sporulate are derived from a single zygote. This is accomplished in the methods of Winge and Laustsen5 and Chen,'0 in which spores or vegetative cells are mated in pairs to produce individual zygotes from which clones are grown for subsequent sporulation. The ploidy of the zygotes that are thus produced will depend of course on the composition of the cells from which they were derived. Single cells, presumed to be diploid, can also be isolated after a mass mating," but here again care must be taken in the selection of clones for mating,. to avoid the possibility of selecting cells which were present in the parental clones prior to the cross. This possibility can also be avoided, if the parental clones carry appropriate nutritional markers, by the prototroph-selection method.'2
The occurrence of diploid cells homozygous for mating type raises the question of whether the strains utilized in this investigation can be regarded as truly heterothalli, If these diploid cells are due to the fusion of haploid cells of like mating type, the strains would seem to possess a tendency toward homothallism. The difference between heterothallism in S. cerevisiae and homothallism in S. chevalieri is determined by a single gene, at a locus other than that of the mating-type alleles. '3 In Schizosaccharomyces Pombe, the homothallic and heterothallic conditions are interconvertible, as a result of mutation at the mating-type locus.8 Hence, simple genetic changes can result in changes from one mating system to the other. However, the diploid homozygotes found in our strains differ from those of homothallic strains in two respects: (1) they are capable of forming zygotes with other cells, and (2) they appear to be incapable of producing asci. From the standpoint of reproduction, therefore, the strains under investigation are heterothallic and require the heterozygous condition at the mating-type locus for spore-production.
The results presented above also reveal the manifold effects of the matingtype locus. The production of zygotes, the capacity to sporulate, and the growth habit (whether in small clusters or as free cells) all appear to be dependent on this locus. It would seem reasonable to assume that these characters are manifestations of an effect of the mating-type alleles on the cell surface. If so, it may be possible to alter these characters and, of especial interest, to affect the mating system and sporulation by an appropriate treatment of the cell surface.
Summary. ' The galactose fermentation tests were conducted with Durham tubes in 10 cc. of a medium. containing 2% peptone, 1% yeast extract, and 2% galactose. A clone was classified as a "rapid" fermenter if, starting with an iiioculum at the end of a needle, a tubeful of gas was produced within 48 hours at 300C. A "slow" fermenter produced at most a small bubble of gas during this period. 4 Tests for the flaky character were conducted in a medium containing DIFCO Yeast Nitrogen Base plus 1% glucose. A small inoculum was added to 10 cc. of this medium and the culture was incubated for a day at 300C. The standing tubes were then shaken vigorously. In flaky cultures, the cells adhered in vible flakes that quickly settled to the bottom of the tube; in non-flaky cultures, the cells were distributed uniformly in the medium and settled slowly. 6Winge, O., and Laustsen, O., C. R. Lab. Carlsberg, Ser. Physiol., 22, 99-116 (1937 During the past year, the author has presented in two notes in these PROCEEDINGS a general method of solving boundary value problems for linear elliptic differential equations of arbitrary order which combines essential features of the integral equation method and Dirichlet's Principle or the method of orthogonal projection.1 In particular we have shown that the Fredholm alternative holds for the solutions of the Dirichlet problem in an arbitrary bounded domain where the boundary values are to be taken on in the generalized sense familiar from the work of Courant, Friedrichs, and others on the variational approach to elliptic differential equations.2 It is the first object of this note to outline the proof in the case of two independent variables that for a smoothly bounded domain, smooth boundary data, and an equation with strongly differentiable coefficients, the solution of the Dirichlet problem actually assumes the full set of boundary data in the classical sense. Similar results in n independent variables are derived by the same method. However, for two independent variables, no a priori smoothness conditions on the solution need be imposed which are not derived in the general existence theorems.3 Our second object is to establish the existence and properties of the Green's function for an arbitrary bounded domain in En on which the Dirichlet problem has no null solutions.
The proof of Theorem 1 relies extensively upon the results and methods developed by Fritz John in his construction of a fundamental solution in the small.4 Our methods are extensible without any alteration in principle to the more general case of. strongly elliptic systems of differential equations.5
Throughout the following discussion, we shall use the notation of our previous notes.
1. Let D be a bounded domain6 in En, C,2(D) the linear space of 2m-
